Introduction
Occurrence of titaniferous magnetite ore bodies in the area discussed here is known for almost 100 years [1] . These are among more than 55 occurrences reported from 33 different localities of Western Dharwar Craton (WDC) [2] . Although quite small as compared to the V-Ti-Fe deposits of S. Africa, Russia, China and Canada, the known deposits in Karnataka (viz.,∼19.6 million tons of ore =∼50,000 tons V metal) account for about 78% of the total vanadium reserves of India [3] and hold promise as an important source of this metal in the future. With the comprehensive commercial utilization of V, Ti and Fe, the 3 main ingredients of the ore, becoming a reality [4] [5] [6] [7] [8] , the exploitation of this type of ore in India in the near future should be expected to receive priority. In the course of our long years of study of the CMUC, with a special focus on V-Ti-Fe deposits (KRJ 1988 (KRJ -1992 and PGE mineralized zone identified in it (TCD & TTA 1993 , considerable information about field characteristics, petrography, mineralogy and geochemistry of these deposits has been generated. An attempt is made here to synthesize the gathered information and reconstruct the history of the complex as whole and V-Ti-bearing and Cr-magnetite deposits in particular. Methods of study are given in Appendix-I.
Previous work
The first geological description of the area was provided by Slater [9, 10] . Jayaram [11] carried out subsequently a repeat survey. Smeeth and Sampath Iyengar [1] were the first to describe the magnetite deposits of the area. However, a specific investigation/ prospecting of the deposits for their chemistry and reserve estimation were undertaken almost six decades later by the geologists of the State Department of Mines and Geology and Geological Survey of India. Channappa and Subramanya [12] undertook prospecting of Ubrani magnetite deposit and reported a reserve of 3.6 million tons of ore with an average V 2 O 5 content of 0.53%. Taking into account the commissioning of ferro-alloy steel plant with electro-smelting facility at the Visvesvaraya Iron and Steel Ltd., (VISL), Bhadravati (∼60 km west of Masanikere magnetite ore body), and also encouraging results of a pilot scale experimental production of ferro-vanadium analyzing up to 45% V from Masanikere float ore with 1.0% V 2 O 5 , the Geological Survey of India made an attempt [13, 14] to estimate the reserves of vanadiferous magnetite ore in Channagiri taluk. Besides, systematic prospecting of the Masanikere magnetite deposit [15] was also taken up. Their investigation included exploratory shallow drilling too. They estimated the availability of 4.2 million tons of in-situ and 0.5 million tons of float ore with 1.0% V 2 O 5 . In the following year, Ramiengar et al [16] , based on ore microscopic examination and chemical analysis of samples collected during prospecting, gave a comprehensive account of the deposit. They not only identified the close association of the ore with gabbro-anorthosite suite, but also proposed derivation of the ores as a late-stage differentiate from ferrogabbroic magma and endorsed the earlier report of association of V-Ti-Fe ore of Masanikere with Cu mineralization [13] . Channappa and Subramanya [17] continued their work in the area and prospected Tavarekere and Gaurapur deposits, and estimated the existence of a total reserve of 1.7 million tons but, with lower V 2 O 5 content of 0.45% and 0.35% respectively. KRJ [18] , as a part of his doctoral work, carried out a comprehensive field, petrographic, mineralogical and geochemical studies on the V-Ti-Fe deposits occurring near Ubrani, Tavarekere, Masanikere and Magyatahalli (as Magyatahalli no more exists, it is described here with reference to the nearest village, Hanumalapur). KRJ, however, has selectively published on hogbomite [19] , a widely distributed minor oxide mineral not only in the CMUC deposits but also in the Devaranarasipur and Mulemane ore bodies studied by him, and on the chromiferous magnetite [20] identified exclusively in the Hanumalapur block (HPB). A more detailed and thorough examination of CMUC was triggered by the discovery of ore level PGE mineralization in the chromiferous zone of HPB [21, 22] . The exploration for PGE held sustained interest of TCD and TTA over a prolonged period from 1993 to 2007 resulting in the generation of a large amount of data not only for the PGE mineralized zone but also for the closely associated V-Ti magnetite and the host CMUC as a whole [23] [24] [25] .
Here, we have presented a synthesis of all the field, petrological, mineralogical and whole-rock geochemical data and made an attempt to reconstruct the petrogenetic evolution of the V-Ti and Cr-magnetite deposits and the CMUC.
Geological setting
The CMUC lies to the south of Channagiri town and forms a small SE border portion of the Shimoga belt ( Fig. 1) , the largest supracrustal belt in the WDC occupying an area of 30,000 sq.km. It contains essentially ∼3.0 Ga. old basement granitoids and Neoarchaean (<3 to 2.5 Ga. old) cover rocks of Dharwar Supergroup. The investigated 700 km 2 area stretches between the Long. 75
• 50 − 76
• 10 East and Lat. 13
• 45 − 13 • 50 North. While the western part of about 20 km. wide area represents a portion of the southeastern border of the Shimoga supracrustal belt, the eastern ∼17 km wide area is occupied predomi-nantly by the granitoids of the Peninsular Gneissic Complex (PGC). The western and eastern portions of the area are separated by NE striking fault, designated by Chadwick et al [26] as "main boundary fault". More than 50% of the western portion of the area is composed of Dharwar Supracrustals, classified as Hegdale Gudda -(HGF), Kur Gudda -(KGF) and Tuppadahalli -(THF) Formations. Among the 3 supracrustal formations (Fig. 2) , HGF has undergone pervasive penetrative deuteric alteration and low-grade metamorphism, whereas, the other two are distinctly less metamorphosed. The litho units of CMUC form essentially a part of HGF. Contrastingly, over 70% of the eastern portion of the area is made up of PGC, which includes a northwesterly striking linear array of predominantly ultramafic enclaves (see Fig. 2 ). Unlike CMUC, these ultramafic (mafic) enclaves contain only pods and mm-cm scale bands of chromitite and are devoid of both V-Ti magnetite deposits and ore level PGE mineralization [27] . Further, these are thought to be related to an older cycle of ultramafic magmatism, perhaps belonging to the Mesoarchaean Sargur group (>3.4 -3.5 Ga.). Both supracrustals and basement granitoids are occasionally intruded by virtually unmetamorphosed olivineto quartz-doletite dykes. No isotopic age data is available for any of the rocks of the area. However, based on the data obtained for the adjoining Chickmagalur granitoids and the Bababudan-Chitradurga supracrustals [28] , it is opined that the basement granitoids are ∼3 Ga. old. The Supracrustal rocks are younger (<3 Ga.) and mafic dyke intrusions are Palaeoproterozoic (?). 
Field occurrence of CMUC
The CMUC is a segmented body occupying interdomal troughs of the basement granitoids and the borders between younger KGF and THF with the granitoids (Figs. 1,  2 & 3) . It stretches in the SW-NE direction over a strike length of about 40 km. It is the major lithology of the HGF forming lowermost stratigraphic section of the Dharwar supracrustal group comprising the sequence HGF→KGF→Devarabetta→Channagiri→ THF (=Channeshpura) appearing in that order when traced upwards [26] . However, in the area studied, association of HGF only with KGF and THF (see Fig. 2 ) is exposed. The magnetite seams described here are located entirely in the northeastern half of the complex; the southeastern extension is monotonously a metabasic unit without anorthositic variation or V-Ti magnetite deposits. Due to their relative resistance to weathering process compared to host mafic-ultramafic units of CMUC, the magnetite seams show up in the field prominently in the hillocks located in the vicinity of Masanikere, Tavarekere, Ubrani, Gaurapur and Hanumalapur. A large spread of float derived from ore seams has blurred its contact relationships with the adjoining mafic-ultramafic rocks. The contacts of the host CMUC are also mostly covered, but, where exposed, they comprise of a zone of shearing. Apophyses of CMUC are not noted anywhere along the exposed contacts. Forming a part of the HGF, there is a suit of sedimentary rocks, which comprises of the sequence "quartzite→phyllite/metabasite→ chloriteschist→quartzofeldspathic-wacke→carbonate". The sequence is best exposed on the eastern slopes of Masanikere-Bukkambudi hills. Elsewhere, it is either missing or consists of only quartzite or an association of quartzite and phyllite/ chlorite schist. Intrusive relationship of CMUC with the associated sedimentary sequence is not apparent anywhere. We believe that the emplacement of CMUC along the interdomal troughs marked the beginning of the basin formation and the deposition of sedimentary sequence of HGF took place later. Magnetite seams of the complex show strike persistence from less than 30m to more than 2 km; pinch and swell is common and widths vary from less than a meter to more than 30 m.
Meso-macro banding and zonary distribution of the main litho units are well displayed in the northern HPB located in the N-S striking and easterly dipping Tavarekere segment ( Figs. 1 & 2) . Because of the existence of PGE mineralized zone, this block has been mapped in an enlarged scale of 1:2000 (Fig. 4) and examined in detail not only based on outcrop study but also on the basis of exploratory drilling of about 2 km of southern portion of the block. The study has brought to light that the central zone of about 100-150 m. is largely composed of ultramafic units, which on the eastern side are fine grained, chromiferous and bear evidence of PGE mineralization. The block varies outwards on either side from melagabbro to ferrogabbro with V-Ti magnetite seams occupying the interface zone between the said units. The small anorthositic lenses/ patches identified are also located in the vicinity of this interface zone. However, there are important differences between the western and eastern portions of the block. While the magnetite seam on the western side is typically massive and relatively coarse grained, that on the eastern side is partly chromiferous and partly normal VTi variety. Further, along the western margin of the HPB there is >65 m zone of diorite and on the eastern side a sinuous vein/lens of coarse-grained pegmatitic ultramafite showing diffused contacts occurs (Fig. 4) . Also, very typically on either side of the block, constituting the border zone of V-Ti magnetite seams, ferrogabbroic layers (analyzing 30 wt% or more of Fe 2 O 3 ; refer Table 5 ) occur, containing alternate bands enriched in V-Ti-Fe oxide and silicate minerals.
Petrography and Mineralogy
The V-Ti magnetite of CMUC is medium to coarse grained and commonly displays granular to mutual boundary textures. The ores consist of granular aggregates of magnetite-titanomagnetite and ilmenite (Fig. 5A) . The grain boundaries are generally straight to gently curved, defining a triple junction with 120
• interfacial angle. Small polygonal crystals of ilmenite occupy interspaces defined by bigger crystals of magnetite-titanomagnetite and ilmenite. Crystallographic orientation of elongated lath-shaped ore grains is a common feature. Most common are the lamellar intergrowths of ilmenite along the cubic planes of magnetite. The fine to coarse ilmenite lamellae have sharp margins and no swelling is observed at the intersection of these lamellae (Fig. 5B) . Fine intergrowths of ilmenite in magnetite forming Widmanstatten texture or trellis intergrowth are seen in all the ore samples studied except in chromiferous magnetite samples. In addition, small unoriented blebs, rounded and polygonal exsolutions of ilmentite are not uncommon in large grains of magnetite-titanomagnetite and these oxide grains may carry inclusions of pyrite, chalcopyrite, hogbomite and spinel. Idioblasts of pyrite within and along grain boundaries in sulphide-rich ores of Masanikere have given rise to panidiomorphic texture. Exsolutions of hogbomite occur both as prismatic crystals occupying grain boundaries of magnetite and as blebs/ patches within it.
Cr-magnetite is granular and conspicuously fine-grained.
The ore grains occur as cumulates which have grown by mutual attraction between the adjacent crystals [29] . In the fine-grained ultramafite, the ferriferous chromite occurs as cumulates and as dispersed coarse subhedral grains embedded in a matrix containing variable proportions of densely packed scales of chlorite (Fig. 5D) . Filling of fractures as well as cleavage planes of Fe-chromite with fine scales of chlorite is a common feature and appears more pronounced with increase in intensity of deformation and alteration of the ore (Fig. 5E ).
The most common secondary texture noted in nearly all the ore samples examined (most apparent in Masanikere samples) is a variable degree of martitization of magnetite-titanomagnetite, along grain boundaries and octahedral planes (Fig. 5C ). Ilmenite is resistant to alteration, and if any, it is mostly restricted to fracture planes in the mineral. Relicts of ilmentite enclosed in martitized magnetite produce 'relict texture'. Intense oxidation coupled with hydration has resulted in the formation of colloform bands of goethite around Ti-Fe oxides and martite and alteration of ilmenite to leucoxene.
Mineralogically, the magnetite seams of CMUC are simple with oxides making up 73 to 93% of the samples. Magnetite is the most abundant oxide with ilmenite taking the second position. Pyrite and chalcopyrite assume importance in zones of sulfide mineralization. In the Masanikere body in particular, Ti-magnetite and magnetite-gabbro bands are reported to analyse 0.4 to 0.6% Cu [15] . Hogbomite is the most common minor mineral noted in nearly all the samples examined. Spinel, ulvospinel and rutile are the other sporadically occurring accessory minerals. Chlorite is almost the only silicate mineral recorded in both V-Ti and Cr-magnetite ores of CMUC, with some samples containing up to 22 vol%. Biotite is very sparse having been recorded only in one drill core sample of V-Ti magnetite of HPB. The common secondary minerals, martite and goethite appear in variable amounts depending upon the degree of alteration of the ore. (Table 3A) . In Stevens classification [30] the mineral overwhelmingly corresponds to magnetite proper (Fig. 6 ).
Mineral chemistry
2) The titanomagnetite from CMUC analyses 1.4 to 4.5% TiO 2 (av. 2.74%), whereas the coexisting magnetite contains 0.02 to 0.44% TiO 2 (Table 3B ). It might be of interest to mention here that KRJ [18] has recorded the occurrence of maghemite analyzing up to 13. Table 3C ) and corresponds to Cr-magnetite in Stevens [30] classification (see Fig. 6 ) It also shows a large variation in TiO 2 (0.06 -10.6%) and Al 2 O 3 (0.16 -17.6%). Such high contents of titania and alumina, to result in the occurrence of Ti-Fe chromite, Ti-Al-Fe chromite and Al-Fe chromite (see Table 3D), are unusual. Roach et al. [31] , however, have reported comparable compositions from a distinctly higher +3 ternary discrimination plotting for Magnetite and Chromite analyses (after Stevens, 1944) level in the stratagraphic section of Muskox layered intrusion (Austrlia). The average V 2 O 5 content (0.94%) of the Cr-magnetite ore is conspicuously higher as compared to the normal magnetite ore (av. 0.77%) of the complex (Table 4B), and the presence of Cr as an important constituent in the unit, as per the recent finding [32] , should augment the value of the ore available in the HPB of CMUC. 4) Analysis of Ilmenite occurring in four different seams of V-Ti magnetites of CMUC (Table 3E ) has revealed that: (i) it shows only a limited variation from the ideal ilmenite composition, (ii) ilmenite of different modes of occurrence viz., discrete grains, interstitial patches and intergrowths/ exsolution lamellae in magnetite hardly differ in their composition, (iii) it is low in V 2 O 5 , Al 2 O 3 and Cr 2 O 3 but moderately high in MnO and MgO as compared with co-existing magnetite, (iv) FeO of ilmenite shows an approximate negative correlation with both MgO and MnO (Figs. 7), (v) being resistant to oxidation, ilmenite contains Fe entirely as FeO or only a small amount of Fe 2 O 3 (the maximum recorded is just 3.7%). It may be mentioned here that several of the chemical characteristics of CMUC ilmenite are similar to the best known mafic-ultramafic complexes of the World [33] [34] [35] . 5) Hogbomite is present in nearly all the samples of V-Ti magnetites, but, it is almost absent or present sporadically in the Cr-magnetite lenses. It is generally a minor/ accessory mineral accounting for less than about 5 vol.%, but, in a few samples, it accounts for 25-27 vol.% (Table 2). Probe data obtained for samples from Tavarekere, Ubrani and Hanumalapur look very similar with only a limited variation in contents of all the major constituents viz., Al 2 O 3 , FeO, MgO and TiO 2 (Table 3F) (Table 3F) represents both larger prisms occupying the borders of Fe-Ti oxides and exsolution inclusions. The minor variations recorded in major constituents are possibly related partly to replacement of Mg and Zn by Ti [36, 37] and partly to reciprocal replacement of Ti ↔ 2R 2 and Ti↔ 2Al [38] . The balancing of impaired charge in the involved replacements may have been brought about by oxidation of Fe [37] . The Fe /(Fe +Mg) ratios of CMUC hogbomites range from 0.32 to 0.58, which is well within the range recorded (viz., 0.02-0.62) by a number of other workers. The substitution relationship of TiO 2 and MgO by FeO is displayed in Figs. 8. 6) Spinel occurs sporadically in small grains in a few magnetite samples. One relatively large grain identified in a sample from Ubrani ore happens to be zincian (∼5% ZnO) (Table 3G) (Table 3H and 3I) has revealed the following: (i) Masanikere (MK) chlorite has the highest FeO content and significant V 2 O 5 and NiO; (ii) Tavarekere (TK) chlorite is on an average most magnesian; (iii) Ubrani (UB) chlorite is the most aluminous and lowest in iron; (iv) Hanumalapur (HP) chlorite from the chromiferous PGE mineralized zone is significantly high in Cr 2 O 3 (av. 0.8%). Further, in the widely adopted classification of Hey (39) , the chlorites of CMUC lie within the limits of corundophilite (MK), ripidolite (HP and TK) and sheridanite (UB) (Fig. 9 ). Biotite with a Mg:Fe ratio of 0.88 (Table 3J) has been recorded only in a core sample of V-Ti magnetite from western side of HPB, collected at a depth of 150.96 m. The mineral chemistry of CMUC V-Ti magnetite deposits substantiates the findings of a host of other workers who have investigated the best known Bushveld and other deposits of the world. Following are the partitioning patterns of some of the elements among the co-existing minerals identified:
The present study further reiterates the fact that, as in Bushveld and other well studied V-Ti magnetite deposits of the world, in the CMUC deposits too, separate V minerals do not exist; the metal overwhelmingly occurs concealed in the structure of magnetite. (Table 4B) . Interestingly, between the normal V-Ti magnetite and Crmagnetite, the latter has nearly 3.5 times more of total REE (0.76 ppm) as compared to the former with 0.22 ppm (Table 4C ). The primitive mantle normalized patterns obtained for the analyzed samples look almost flat with only a slight enrichment in both LREE and HREE. It may also be noted from the patterns that the Cr-magnetite analysed is relatively depleted in LREE but enriched in HREE compared to the samples of fine-grained ultramafite (FUM), (Fig. 10) .
PGE distribution and its significance
Taking note of the association of chromiferous magnetite (with evidence of PGE mineralization) and normal V-Ti magnetite, forming the eastern magnetite seam of HPB, an attempt was made to verify whether comparable close associations of these two phases of magnetite existed even in the other magnetite seams of CMUC. 11 magnetite samples have been analyzed for all PGE and Au and 14 samples only for Pt, Pd and Au (Table 4D ). The analyses show that normal V-Ti magnetites are very low in PGE with Os < 2, Ir < 0.3, Ru < 26, Rh < 0. [42, 43] (Figs. 12I to 12K ) ternary discrimination diagrams. These plots have indicated an overall komatiitic affinity of chromiferous magnetite and tholeiite affinity of V-Ti magnetites. Also, the plotting of average V-Ti magnetite compositions from various locations in CMUC in the binary discrimination diagram of Pearce [44] (Fig. 12L) indicates the formation of these in the tectonic setting of ocean-floor basalts.
An overview of petrogenetic evolution of CMUC and the associated VTi and Cr-magnetite ores
Origin of V-Ti Magnetite ore deposits is one of the long debated topics and many workers have attempted to interpret it. Attention of the reader is specifically drawn to the contributions of the following: Wager and Brown [29] , Himmelberg and Ford [33] [61] . Variable genetic models have been proposed for the V-Ti magnetite deposits associated with Bushveld (S. Africa), Duluth (USA), Rogaland (Norway), Ulvno (Sweden), Lucdu-Pin-Rouge (Canada), Gusevogorsk and Pervouraisk (Russia), Panzhihua, Hongge, Xinjie, Baima and Taihe layered complexes (southeast China) and a number of other mafic-ultramafic complexes in the world. The older models acknowledge the existence of genetic connection with the host complexes. They either invoke separation and accumulation of Fe-Ti crystals to form layers or postulate existence of Fe-Ti oxide liquids from which the ores crystallized [45, 46, 49, [62] [63] [64] [65] . The newer models invoke mechanisms whereby episodic increase in oxygen fugacity triggers the crystallization of enough quantities of Ti-Fe oxides for the development of ore rich layers [47, 54, 55, 58, 59, [66] [67] [68] . This interpretation has been supported by the results of experimental studies on synthetic Fe-bearing systems [47, 69, 70] , which have indicated that oxygen fugacity is an important factor in the crystallization of magnetite and Fe-bearing mineral phases. These studies have established that Fe 2 O 3 /FeO ratios of magmas are to a large extent dependent on oxygen fugacity and that magnetite precipitation would be enhanced by an increase in the amount of Fe 3+ in the melt. CMUC is not a compact and well defined layered intrusion comparable to Bushveld, Duluth, Rogaland, Panzhihua and other well known complexes. It consists of narrow segments occupying interdomal troughs of the basement granitoids and the contacts between the basement rock and younger formations. An attempt is made here to reconstruct the evolution of the complex. This has been done based on the best of information gathered for Hanumalapur block of the Tavarekere segment, which not only includes an association of V-Ti-and Cr-magnetite ore bodies but also (ore level) PGE mineralization [23, 25] . The HPB shows the largest variation recorded in the complex and encompasses within it a fuller history of the complex. Our study has revealed the following:
1. The complex consists of two major cycles and two distinctly different phases of mafic-ultramafic magmatism.
2. The first phase of the first cycle, which is largely in the range of melagabbro-gabbro, occupies southeastern portion and so far no V-Ti magnetite or other mineralization is recorded in this part of the complex.
3. The second phase of the first cycle is a ferriferous suit, which occupies north-eastern portion of the complex and includes several V-Ti magnetite seams. This is the phase which makes up the entire western side and the eastern border zone of the HPB.
4. Following the emplacement of the second phase of the first cycle of essentially ferrogabbroic magma, along the western margins of HPB, there was sill-like intrusion of diorite with tholeiite basaltandesite affinity (Table 5 ). This has been identified only in (deeper) drill core samples and apparently occupies the base of the complex.
5. The second cycle, which occupies the eastern side of HPB consists of a suit of chromiferous rocks. This cycle appears to have wedged through almost centre of the previously formed mafic-ultramafic sequence (named at para 3) of HPB. It also has emplaced over a period of time in differentiated fractions, which accrued eastwards.
6. The coarse-grained ultramafite, which occurs enclosed within eastern side of HPB, is chemically heterogenous, comprising of high Al, Mg and Fe-rich units (Table 5) . Besides, as compared to surrounding chromiferous suit (Table 5) it is contrastingly low in Cr, high in V and Ti, and bears no evidence of PGE mineralization.
7. Mafic-ultramafic rocks of the two phases of the first cycle, constituting the bulk of CMUC, were derived essentially from the same mantle region, but, the second phase was more fractionated/ evolved and enriched in Fe, Ti V, and Al. The second cycle as well as the two other magmatic phases identified by us in the HPB, are different from one another and genetically unrelated. Formation of the PGE mineralized chromiferous suit from the deeper mantle derived ferropicritic magma for the chromiferous suit, deep crustal generation of diorite, and mantle derivation of coarse-grained ultramafite as residual phase are inferred.
8. Our interpretation of the evolution of CMUC given here needs back-up of isotopic age determination. Easterly dip of all the litho units in HPB and absence of chilled margins/ apophyses and other primary features due to pervasive alteration suffered by the whole complex do not permit an entirely field based interpretation of the history of the complex.
9. The association of ferriferous suit, hosting Crpoor V-Ti-magnetite and chromiferous suit (picritic) hosting Cr-rich magnetite is rather unusual. The only analogue is recorded in Xinjie intrusion in Panxi region, SW China [59, 71] . However, in the Xinjie intrusion, the Cr-rich magnetite, in keeping with its early formation, occurs at lower stratigraphic level as compared to Cr-poor Ti-magnetite. In the HPB of CMUC the situation is different. Both ferriferous and chromiferous suites of the block, as pointed out earlier, dip at angles of 55
• -65
• E and the latter overlies the former. On the basis of the said observation, we have invoked later emplacement of chromiferous suit from deeper mantle region. Although, sill-like and layered, CMUC does not constitute a flat-lying layered complex or lopolithic body as described from Panzhihua [54, 55] , Baima and Taihe [58] , Xinjie [59] , Hongge [72] , intrusions of the Emeishan large igneous complex, Sichuan Province, SW China.
10. The geochemical data from the drill core samples of HPB (representative of CMUC) show that: i) in terms of total alkali-silica binary discrimination diagram [after [73, 74] with alkaline-sub-alkaline dividing line of [75] ] the complex is made up of both alkaline picritic basalt-basanite-tephrite and sub-alkaline picritic-basalt to andesitic rocks; ii) the diorite on the western border of HPB is entirely subalkaline basalt and the ferrogabbros are entirely in the range of picrite-basanite-tephrite (Fig. 13) . Similar mixed affinity of the complex to tholeiite-komatiitic-basalt-komatiite is indicated by plot of the data in CaO-MgO-Al 2 O 3 [after [42, 43] ] and Al-Fe+Ti-Mg diagrams [41, 42] (Figs. 14 & 15).
11. Pervasive chloritization recorded in ferriferous as well as in chromiferous suits further suggests unusual enrichment of deuteric liquids in water and volatiles (CO 2 , etc.,) in both the magmas. Possibility of such an enrichment is substantiated by experimental work of Xing et.al., [76] , who have demonstrated by using step-heating mass spectrometer the presence of H 2 O + CO 2 at much higher levels (e.g., 0.6%) in titanomagnetite of Hongge. This supports the earlier work of Zhang [77] who had shown that the volatiles are present in the crystal structure of the minerals as fluid inclusions and they are released from the mineral in substantial quantities at 400
• -800
• C temperature intervals. Further, Zhang et.al [57] have opined that water + CO 2 are generally incompatible during magmatic evolution and tend to be trapped in minerals such as (Cr-poor) titanomagnetite. Major and a few select trace elements of some of the samples were also analysed employing PW-140 Philips X-ray Spectrometry System at the AMSE, PPOD labs, Geological Survey of India, Bangalore. Analysis of the remaining samples collected by TCD, TTA and TLS presented here was done at the Department of Electron Optics, University of Oulu, employing Seimens SRS-303 XRF analyser and using pressed powder pellets. All the REE and a set of 20 other trace elements were analyzed at the Activation labs, Anacaster, Canada, using lithium metaborate/ tetraborate fusion of samples. Analysis of all the PGE and Au was done at the Activation labs, Anacaster employing INAA techniques. Partial analysis, exclusively for Pt, Pd and Au was done for most of the samples at the Ruvaneimi labs, Geological Survey of Finland, employing a combination of Ni sulfide-lead fire assay and ICPMS techniques.
The high totals reported in a good number of analyses are mainly due to non determination of FeO and low totals of some of the analyses reflect non estimation of loss on ignition. Table 1A, Table -2A and Table -3A. Table 1A . 
